Background
Transplant recipients have an increased susceptibility to a variety of infections owing to immunosuppression in the post-transplant period. They are prone to serious consequences of any infection due to impaired clinical signs and rapid progression of disease. Pretransplant immunization is part of routine prophylaxis against many viral infections but does not confirm long-lasting protection against these infections in the post-transplant period due to waning immunity [1, 2] . Post-transplant vaccination with live vaccines has been suggested by many reports but is not a part of guidelines due to risk of clinical disease from the live vaccine strain [3, 4] . Measles infection or immunization against measles virus is thought to confer long-lasting immunity. We report an unusual and rare presentation of measles virus infection in a previously vaccinated, liver transplant recipient manifesting as rash and hepatitis and pneumonia.
Case
A 43-year-old woman, with postliver transplant (2008) secondary to primary sclerosing cholangitis-related cirrhosis, maintained on tacrolimus, presented to our hospital with 4-day history of sore throat and fever and 2-day history of skin rash. On examination, patient was found to be febrile with temperature of 38.2 celsius, B.P 100/80 mmHg, respiratory rate (R.R) 24/min, and heart rate (H.R.) 130/min. Oxygen saturation on room air was 85%. Systemic examination revealed congested eyes, pharyngeal erythema, maculopapular skin rash involving face, upper limbs, and trunk. Chest examination revealed decreased breath sounds on the right basal area and crackles on the left side posteriorly till the mid-zone. Basic laboratory work-up was as follows: WBC: 9.8 9 10 3 /lL, neutrophil: 7.7 9 10 3 /UL, lymphocyte: 0. infiltrates more on the right side with associated two large size basal lung cysts (Fig. 1) .
Patient was admitted as a case of viral exanthemata fever and bronchopneumonia with airborne precautions and was treated with intravenous antibiotics and fluids. The respiratory viral panel came negative. Viral serology results were positive for CMV Ab IgG, EBV nuclear antigen IgG, EBV capsid antigen IgG, rubella IgG Ab, measles IgG Ab, and measles IgM Ab. Autoimmune serologies and tuberculosis work-up were negative. On day 2 of admission, patient's skin rash started to fade from the face and patient showed clinical improvement with regard to fever and constitutional symptoms. Bronchoscopy with bronchoalveolar lavage to evaluate lung infiltrates and cystic lung disease showed negative work-up for acid-fast bacilli, Pneumocystis jiroveci pneumonia, and fungi. Measles virus PCR in serum was reported positive. She was managed with fluids and supportive measures. The patient improved clinically with the fading of skin rash gradually and normalization of liver enzymes over the next 5 days and was discharged home.
Discussion
Immunosuppression in solid-organ transplant recipients is an absolute necessity to prevent organ rejection, but carries a risk for a variety of infections. Viral infections are common 1-6 months post-transplant. Although to a lesser degree, they continue to pose a problem after 6 months owing to continued but less intensive immunosuppression.
Measles is a highly contagious viral illness with a 90% attack rate in susceptible exposed individuals [5] . It is characterized by fever, malaise, rash, cough, coryza, and conjunctivitis [6] . Immunity after measles infection is thought to be lifelong, although rare cases of reactivation have been reported [7, 8] . Modified measles is an attenuated infection that occurs in patients with preexisting measles immunity (either via wild-type disease or vaccination) [9] . It may result from antibody titer lower than that considered protective. The diagnosis of measles virus infection is usually made based on at least one of the following: positive serologic test for serum measles IgM antibody, significant rise in measles IgG antibody between acute and convalescent titers, isolation of measles virus in culture, or detection of measles virus RNA by reverse transcription polymerase chain reaction (RT-PCR), but the gold standard test for serologic evidence of recent measles infection is a fourfold rise in titer as measured in a measles virus plaque reduction neutralization test (PRN or PRNT) [9] .
Measles infection in adults is known to cause some degree of hepatitis, which is mainly hepatocellular [10] . Cholestatic pattern of hepatitis, although rare, is not unknown [11] . Satoh et al. [12] reported that the rise in transaminases due to measles returned back to normal 3 weeks after onset of rash, which is consistent with our case, where the LFTs in our patient returned to baseline in about 2 weeks after onset of rash (Fig. 2) . The hepatitis in the course of measles is attributed to direct viral invasion of the hepatocytes, as detected by RT-PCR in the hepatocytes [12] .
Infection with measles virus postliver transplant manifesting as clinical illness is rare among adults. Graft rejection was reported in one case of measles infection in a cadaveric liver transplant recipient [13] . On the contrary, our patient presented with resolving hepatitis. Although measles infection was confirmed by IgM positivity and PCR, but interestingly IgG was positive in our case, who reported two doses of measles vaccines, raising the J a n u a r y 2 0 1 6 1 5 J a n u a r y 2 0 6 1 7 J a n u a r y 2 0 1 6 1 8 J a n u a r y 2 0 1 6 1 9 J a n u a r y 2 0 1 6 2 0 J a n u a r y 2 0 1 6
Liver enzymes trend ALP ALT AST suggestion, that the patient had some degree of immunity against the virus. This may be the cause of ameliorating the course of measles, resulted in self-limiting transaminitis. Possible mechanisms for infection in our case include either infection by a wild strain of measles virus or antibody levels not enough to confer adequate immunity due to immunosuppressive state. Liu et al. reported five cases of measles postliver transplant with serious consequences of pneumonia and respiratory failure requiring mechanical ventilation in two of them. Furthermore, one of those cases ended in death due to respiratory failure [14] . Lung cysts are a characteristic of measles in the presence of cellular immune deficiency [15] . The respiratory symptoms in our patient were limited to pneumonitis and lung cysts and did not progress to full blown respiratory failure.
In our center and others, pretransplant vaccination is routinely given to candidates awaiting any solid-organ transplant as a protective measure (Fig. 3) .
A review conducted by Isabella et al. identified 72 papers addressing the issue of serological response rate against a host of viral vaccines in solid-organ transplants (SOT) [16] . They concluded that SOT recipients mount a lower immune response than healthy controls. The degree of this impaired response depended on the type of vaccine, age, and the organ transplanted. A study by Dehghani et al. in pediatric liver transplant recipients reported a low incidence of adequate immunization against HBV, DTwP, and MMR vaccines given pretransplant [4] . Similar findings were concluded by other studies [5, 6] . We think the degree of immunity in our patient was adequate to protect the graft from serious injury and possible rejection, but still not adequate enough to cause a clinical illness and transient hepatitis (a partial immune state).
Individuals who have been previously exposed to the measles antigen may have a modified disease presentation. These cases are usually detected during an outbreak, exposure to a confirmed measles case, and rarely, without a known exposure. In our case, no related cases were diagnosed nor outbreak was reported simultaneously [10, 17.] Immunization post-transplant may be necessary, but is complicated by the fact that response to vaccines can be impaired by immunosuppression. As a general rule, live vaccines are not licensed for use in this population because of the increased risk of clinical disease from the vaccine strain of the virus. In 1999, Kano et al. [3] reported that pretransplant vaccination confers immunity for up to 6 months post-transplant and that post-transplant live vaccine under immunosuppressive conditions was safe and effective. Recently, Masayoshi et al. [4] studied revaccination for primary vaccine failure in postliver transplant patients and concluded that live attenuated vaccine was safe and effective postliver transplant in patients who were not severely immunosuppressed.
In conclusion, we report a liver transplant recipient acquiring measles infection manifesting as transient hepatitis and pneumonia. It resolved over 10 days owing to a partial immune state and did not progress to a full blown graft rejection as previously reported. It is clear from the literature reviewed that pretransplant vaccination did not confer adequate immunity in spite of IgG positivity in our patient. Good quality evidence is needed on the subject of post-transplant vaccination to formulate guidelines.
Conclusions
Immunity against pretransplant vaccination wanes over time.
Clinicians need to be aware of the waning immunity and keep a broad perspective when faced with diagnostic challenges in transplant recipients. Although vaccination may not provide solid immunity, it ameliorates the severity of the disease.
More prospective trials are needed to address the issue of vaccination post-transplant.
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